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A METHOD TO MAINTAIN THE ACTIVIT Y IN POLYETHYLgNg 
GLYCOL-M ODIPIED PROTEOLYTIC ENZYMES 

The present invention relates to a method to avoid 
binding of polyethylene glycol ( PEG) at the active site 
and its surroundings in proteolytic enzymes. 

The method, based on the modification reaction of 
an enzyme-macromolecularized inhibitor complex in the 
heterogeneous state, allows to obtain enzyme-PEG 
adducts in which the proteolytic activity toward 
macromolecular substrates is preserved. 
BACKGROUND OF THE INVENTION 

The modification of enzymes with polyethylene 
glycol (PEG) is a technology that has markedly been 
developed in recent years to obtain adducts having 
valuable properties for the use both in the biomedical 
field and as novel biocatalysts , due to the presence of 
15 polyethylene glycol chains' linked at the surface. 

In fact, the enzyme-PEG adducts lose the major 
part of the typical properties of naturally occurring 
enzymes, such as immunogenicity and antigenicity, rapid 
clearance from circulation, easy degradabi lity by 
proteases and instability in diluted solutions [A. 
Abuchowski mt_sl±, J. 3 . c. 252 3582, 1977], that 
often prevent their use in therapy. 

In the use of enzymes in biocatalysis , the PEG- 
enzyme adduct acquires a quite different 

25 characteristic, i. e . the solubility £n organic 
solvents, thus allowing a better use of the enzymes in 
converting liposoluble substrates [ Y . Inada et al. , 
Thrends Biotech., 4 190, 1986). 



20 
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The properties of such novel biotechno logic 
products are due to the fact that PEG binds to the 
enzyme surface, thus protruding with its hydratation 
cloud toward the outer protein solvent, preventing the 
access of large molecules, such as proteolytic enzymes, 
as well as the recognition by the immune system. On the 
other hand, as PEG also has amphyphilic properties", the 
PEG-enzyme adduct can acquire solubility in organic 
solvents . 

However, the polymeric cldud surrounding the PEG- 
enzyme adduct also limits the. general use of said 
derivatives: in fact , the en2ymatic activity ±s 
maintained toward small substrates, that can have 
access to the active site diffusing among the PEG 
polymer chains, but it is prevented toward large 
substrates, that cannot reach the active site due to 
steric hindrance. 

Therefore, convenient PEG-enzyme adducts are 
obtained with enzymes such as superoxide dismutase, 
catalase, asparaginase, arginase, urease, adenosine 
deaminase, phenylalanine ammonium liase etc., which 
are nowadays under pharmacological and clinical tests, 
but not with enzymes acting on large substrates such as 
proteins, nucleic acids and polysaccharides. In fact 
substantial activity losses are described following a 

PEG-modification of trypsin , chymotrypsin , urokinase, 

ribonucleass, lysozyme and the like. 

A proposed solution consists in preparing adducts 

having only a few polymer chains linked to the enzyme, 

thus decreasing the loss in enzymatic activity. 

However, this result, which can be attained carrying 
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°« the nmetlen in . PEG „ol,r defect, suEfers £rom 

s „ ch as attai „ ment o£ very 
products and poor reproducibility. 
SUMMARY OF THE INVENTION 

To allow access of macromolecular substrates 
large polypeptides or proteins, in case of proteolytic 
enzymes, to the active site, the PEG binding to the 
enzyme is carried oufc .„ heterogeneous ^ ^ ^ 

the enzyme is linked to an inhibitor thereof that is 
« at. turn, Mobilized on a highly hydrated insoluble 
Polysaccharide (Sepharose,. In such . way , ^ ^ 

site and lts proxi m ity, thus allowing the approach of 
the substrate macromolecules . 

The method was investigated with two serine- 
dependent proteolytic enzymes, trypsin and urokinase 
the fxrst being used in medicine, for instance in the 
removal of necrotic tissues,^ digestive di Sorder s or 

in ophthalmoloav in fho ~i • 

ogy m the elimination of protein deposits 

from contact lenses; the latter, i.e. urokinase, being 
of specific therapeutical interest as a plasminogen 
activator. 

Benzamidine, an inhibitor of serine enzymes, was 

»ed as a linker to Keep Sepharose in the surrounding 

of the active site (example 2). The method could also 

^ used for the site-protection of other serine 

enzymes, such as tissue plasminogen activator (tPA) 

Plasmm, chymotrypsin , elastase, kallikrein and the 
like. 

The following examples report the comparison of 
the activities of the starting enzyme A) , PE G - mo dified 
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either with no protection or in the presence of free 
benzidine in solution B) and obtained carrying out 
the modification in heterogeneous phase with the 
complexed enzyme with the benzamidine-Sepharose 
macromolecularized inhibitor C) (examples 1, 3, 5, 7) . 

The obtained results will be described with 
reference to the figures and tables reported in the 
following. 

In the various modifications, monomethoxypoly- 
ethylene glycol of MW 5000 (PEG) was used, bearing 
norleucine as a spacer between, polymer and protein 
activated at the carboxy group as the succini.idyi 
ester. PEG with norleucine was used as it allows a 
precise evaluation of the linked polymer chains, by 
means of amino acids analysis [L. Sartore et al . , A ppl. 
Biochem. Biotechnol . , 27 45, 1991]. Trypsin an ' 
urokinase used in the tests were previously purified by 
affinity chromatography, in the reported examples, the 
activities of the enzyme various" forms (A, B, C) were 
compared for equimolecular amounts of enzyme, i.e. 
without taking into account the weigh of the bond 
polymer. 

Table 1 reports the esterase activity toward the 
small substrate tosyl-arginyl-znethyl ester (TAME) of: 
1) native trypsin A), trypsin randomly modified with 
PEG B) and trypsin linked to benzamidine-Sepharose C). 
In these cases, the catalytic activity is not lost, on 
the contrary, a small increase in activity occurs in 
the PEG-modified adducts, which proves that PEG chains 
do not prevent the access to the active site of a small 
substrate (example 4). Similar increases in activity 
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have already been observed in proteolytic enzymes 
following different chemical modifications. 

The same Table also reports the hydrolytic 
activity toward casein 2a), that is a protein of MW 
23,600 turning out to be strongly lowered to about 30% 
following a random modification with PEG B), whereas it 
is totally maintained when the modification is carried 
out in heterogeneous phase with trypsin linked to 
benzamidine-Sepharose C) (example 5) . 

finally, Table^ shows that the hydrolytic 
activity toward bovine serum albumin (BSA) 2b), that is 
a protein of higher molecular weight, namely 64 000 is 
completely lost in the sample that was PEG-modified in 
the absence of site-protectors B) , whereas a high 
" aCtlVlt i- degree is still retained (55% compared with 
native trypsin) when the modification is performed with 
trypsin linked to benzamidine-Sepharose C) (example 5). 

Fl?Ure 1 Shows tne autolysis of the various 
trypsin sample, evaluated by mean, of the determination 
of the esterase activity. Trypsi n in aqueous solution 
undergoes degradation very rapidly; when it is randomly 
modified with PEG B) it does not undergoes self- 
digestion, whereas the one obtained carrying out the 
modification in the prsssnce of benzamidine-Sepharose 
O shows a slow starting loss of activity, that however 
becomes stable at about 70%. This behaviour is in 
agreement with the above results, namely the 
incapability of randomly modified trypsin B ) to digest 
a large molecule (in the case represented by trypsin 
itself). The decreased autolysis of the sample modified 
as a benzamidine-Sepharose complex C) is consistent, on 



20 



WO 93/15189 



PCT/EP93/00205 



15 



25 



30 



the one h,„a, with the persistence of t „ e 
activity of species towar(j macronolecuiar 

substrates, on th. other with a more dlfficult access 
for proteases, due t , 5 terie hindrance of the PEG 

maSki " 9 e " 2y " e S " r£a «' " ith -caption 

of the active site (example 6). 

Tables sports the properties of native and 
•odifi.d urokinases, ,, S!Med by „. ans Qf 



the 



esteroivtic activity on a small , ubstrsMm> 
Carb ° be "" Xy ly»»e-p-„itrophen y l ester 1, the 
thrombolytic activity on the synthetic thrombus be 
means of the resistance to penetration of , , aa ss bead 
ana the affinity to the 

of colorimetric measurements of throntms aegradatio „ 
products 3,, eventual by the evaluation q£ 
cepability to hydrolyse free plasminogen in solutio „ 

in this case also samples of native urokinase A, 
randomly PES . modi£ied aro , ln ,, w „, and ^ 

modrfrea by site-protection linkin, urokinase ^ 
benramiaine-sepharose C) were compared. 

Tables shows that, analogously to trypsin, the 
ectrvrty toward a small substrate inoreases (example 

On the contrary, thrombolytic activity on the 
synthetic thrombus, measured by means of the resistance 

to the penetration of a ola« h 0 =^ • 

giass bead , disappears i n the 
randomly modified urokinase, <- i 
, . urokinase sample, whereas the samples 

obtained by site-protection keen » i, • u 

ion Keep a hlgh thrombolytic 

activity (example 10). 

The affinity to a synthetic thrombus decreases of 
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10 orders of magnitude for sample c (modified in the 
presence of benzamidine-Sepharose , and of about 500 

orders of magnitude for sample B) (obtained by random 

modification) (example 11). 

The activity toward plasminogen in solution 

decreases by one order of magnitude in sample C), and 

by 2 orders in the randomly modified sample B) (example 

12). 

Example 1 ) Preparatio n of trypsin ppp i„ „ 

— — tr ypsm -PEG in conditions of 

random modification ' 

10 mg di trypsin are dissolved in 2 ml di borate 
buffer M, pH 8.0 and added under Stirring to 160 mg 

of activated PEG, to obtain a molar ratio of the amino 
groups present in the protein- to PEG of 1:5, while P H 
15 ^ t0 8 '° in a P" st *t with 0.2 M NaOH . After 30- 
the solution is diluted with 8 ml of HC1 10 mM and it 
as ultrafiltered with a membrane of cut-off 10,000 to 
reduce the volume to 2 ml. The dilution and 
concentration process is repeated- for 5 times. Finally 
the solution is purified fay ^ 

chromatography and the trypsin-PEG pea* is concentrated 
by ultrafiltration to 2 ml , added again with 8 ml of 10 
m-M HCl and ultrafiltered repeating the procedure for 5 
times. (The modification was carried out also in the 
presence of benzidine for an enzyme/benzamidine 1:100 
molar ratio and the obtained sample was purified as 
reported above). 

The trypsin _ PEG adduct about ^ 

linked per enzyme molecule. 

Example 2) Pre paration of benz.mi^n.-c.p^^ 

Sepharose 6B (50 ml) activated by CNBr [P. 
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Cuartecasas, J. B. C, 245 3059, 1970] is reacted in 
borate buffer 0.1 M pH 9.5 with 200 mg of p- 
aminobenzamidxne dissolved in 25% dime thylformamide 
25%. The resin was washed with 25% dime thylformamide in 
borate buffer and finally with 0.5 M Nad, in which it 
was subsequently preserved. The resin has 5-20 U M of 
benzamidine per ml. A commercially available 
benzamidine-Sepharose resin can also be used. 
Example 3) Prep arat ion of trypsin-PEC in condition, of 
protection of the act iv e site and the surrounding. 



thereof 



15 mg of trypsin are dissolved in 5 ml of 0.2 M 
borate buffer , pH 8.0 and added to 5 ml of 
benzamidine-Sepharose resin, previously washed with 100 
ml of 1.5 h NaCl and equilibrated with 0.2 M borate 
buffer, pH 8.0. After addition of trypsin, the resin is 
filtered, washed 3 times with 10 ml of 0.2 M borate 
buffer, P H 8.0 and further filtered. 

The resin is added with 5 ml" of borate buffer and, 
under stirring, with 360 mg of activated PEG , to reach 
a 1:7.5 protein amino groups to PEG molar ratio. The 
suspension is stirred for 1 hour , filtered and washed 3 
times with 10 ml of borate buffer. The trypsin-PEG 
adduct is removed from the resin by repeated washings 
(10 times) with 10 ml of 10 mM HC1. The solution is 
concentrated by ultrafiltration on" a membrane and 
purified by gel filtration chromatography, as in 
example 1. The trypsin-PEG peak is collected and 
finally concentrated to 2 ml and diluted with 8 ml of 
lOmM HC1 and concentrated to 2 ml. This procedure is 
repeated for 5 times. The modified protein contains 
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about 12 poller chains per enzyme molecule 

trypsm toward a lo cular we - ah ^ ^strgte 

This activity is measured using ^ 
arginyl-methyl ester ( TAME ) as the substrate The 
-crease in optical density of a solution of 800 pi of 

- HC1, 100 pl of a 0.01 M substrate _ solution 
and 0.5 to 6 ug of enzyme. 

The activity of the modi fied' products is expressed 
as a percentage compared to the activity of the native 
enzyme (Table 1) . 

high molec ular weight substrata ~ 
To evaluate the protease activity toward high 
molecular substrates, casein (MW 230 00, or serum 
albumin (MW 64000) were used as standard substrates A 
solution of 0. 4 ml of 0.lM Tri s HC1 , p„ 8 .0, 

3 1 SUbStrate S ° 1Uti - in ^ « ^is HC1, p H 8.o and 
an enzyme amount f rom 0.25 to 3 pg is incubated at 30 „ c 
for 20 minutes. This solution ig ^ ^ ^ ^ ^ 

5. trachloroacetic acid and the optical density at 280 
nm is evaluated on the supernatant after 
and removing of the P recip itate . The residual activity 
of the PEG-trypsin products is evaluated as a percen t 
activity of the native form (Table 1) 

0-25 mg of enzyme or PEG-trypsin samples in 1 ml 
of .0.1 M Tris buffer at pH 8.0 are incubated at 37»C 
The esterase activity test is carried out at preset 
tames to evaluate the percentage of still active enzyme 
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(fig.l) . 

Example 7) Preparation of PEG-urokinase in random 
modification conditions 

2.5 mg of urokinase in 2 ml of 0.2 M borate 
buffer, pH 8.0, in a polyethylene container, are added 
under stirring with 30 mg of activated PEG at a protein 
amino groups to PEG 1:5 molar ratio. After 60 minutes 
the solution is diluted with 8 ml of 10 mM HC1 and 
concentrated by ultrafiltration,. The PEG-urokinase 
adduct is purified following the procedure of example 
1, always working with polyethylene containers. (The 
modification was carried out also in the presence of 
benzamidine for a 1:100 urokinase/benzamidine molar 
ratio and the obtained sample was purified as reported 
above). The resulting urokinase has about 14 polymer 
chains per protein molecule. 

Example 8) Preparation of PEG-urokinase in conditions 
of protection of the active site and of the 
surroundings thereof 

3 mg of urokinase in 3 ml of 0.2 M borate buffer, 
pH 8.0 are added with 1.5 ml of benzamidine-Sepharose 
resin, previously washed with 30 ml of 0.5 M NaCl and 
equilibrated with the same borate buffer. The obtained 
suspension is added with 72 mg of activated PEG at a 
protein amino groups to PEG 1:10 molar ratio. After 60 
minutes the resin is washed 3 times with 5 ml of 0.2 M 
borate buffer, pH 8.0 and then the obtained adduct is 
removed from the resin by washing with 50 ml of 10 mM 
HCI and purified as in example 3. The obtained adduct 
has 13 PEG chains covalently linked per enzyme 
molecule . 
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Example. 9) Urokinase 1n , Pr - ur^Kinas^_en^^ 
activities toward a low molecular weight substrate 

This activity is spectrophotometrically evaluated 
using carbobenzoxy L-Lys-p-nitrophenyl ester 

5 hydrochloride ( Z-Lys-OpHO, ) as the substrate. 65 pi of 
substrate (2.5 mg/ml of water) are added fco ^ ^ ^ 

0.1 M K 2 HP0 4 /KH 2 P0 4 buffer, pH 6.8 containing 0 to 5 pg 
of urokinase. The increase in fche opticai ^ 

10 " 15 "P°«ed against the enzvme 

amounts. The esterase activity of the 
expressed as a percentage compared with that of the 
native er. 2 ym e and it is reported ; in ? 

^«^Ql-Il£oMna^e and PEG^uroJcinase fibrinolyti, 
l£tivity_in side a synthetic cloth " 

500pl of a fibrinogen solution (30 pg/ml) in 0 .1 M 
Na 2 HP0 4 /K 2 HP0 4 , 0 .5% of BSA, P „ 7 . 2 , containing 25 ^ 
100 urokinase enzyme Units and finally lOOpl of 
thrombin (500 ui/ml) in oVi' * XH^/H^HPO, buffer P H 
7.2 containing ! Bg of BSA are subsequently placed into 
<~ a glass test tube (9 mm x 100 mm). The test tube is 
turned upside down 2 times and P i aced into a 
thermos tati zed bath at 3 7- C . After 1 hour, a glass bead 
of 0.3 g weight is placed onto fchs formed ^ ^ ^ 

time necessary for the bead to reach the test tube 
> bottom is evaluated The fall ti»e of the bead is 
reported on a logarithm scale against the corresponding 
enzyme Units. The fibrinolytic activity, expressed as 
the percentage compared with standard urokinase of 
known activity, is reported in Table 2. 
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Example 11) Urokinase and PEG-urokinas e affinity to a 
synthetic cloth 

200 pi of a fibrinogen solution (4.2 mg/ml) in 
0.05 M Tris HC1, 0.15 M NaCl and 0.01 M CaCl 2 buffer pH 
5 8.0 and 20 pi of a thrombin solution (500 Ul/ral) in 0.1 
M Na 2 HP0 4 /KH 2 P0 4 buffer, 1% BSA%, pH 7.2, are placed 
into a test tube. The tubes are centrifuged at 2500 rpm 
for 20 minutes, to squeeze the cloth that is 
subsequently extruded, washed with 5 ml of 1.5 M NaCl 

10 and dried. The cloth is placed into a cuvette 
containing urokinase amounts varying from 0.1 to 10 pg 
0.05 M Tris HC1 , 0.015 M NaCl buffer pH 8.0. Optical 
Density values, recorded at 3 minutes intervals, are 
plotted against the time . The ratio of the 

15 concentration of the used enzyme to the obtained slopes 
is plotted against the urokinase concentration to 
obtain lines from which the affinity value of the 
enzyme to the cloth can be evaluated [ G . A. Homandberg 
and T.Wai, Thrombosis Res : , 55 4 93 , 1989]. The results 

20 are reported in Table 2. 

Example 12) Urokinase and PEG-urokinase activity toward 
plasminogen in solution 

In a cuvette containing 900 pi of 0.05 M Tris HC1 
buffer, 0.15 M NaCl pH 7.0, 50 pi of a solution of 4.41 

25 mg/ml in the same buffer Val-Leu-Lys-pN0 2 anilide, 40 
pi of a plasminogen 0.125-12.5 rag/ml solution and 10 pi 
of an urokinase solution or a modified urokinase 
solution in 0.05 M Tris HC1 buffer, 0.15 M NaCl, bovine 
serum albumin 5 mg/ml pH 7.0. The change in the optical 

30 density recorded at 4 05 nm is plotted against the time 2 
expressed in minutes, to obtain the plasrain formation 
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CLAIMS 



10 



30 



1- A method for the preparation of proteolytic 
enzymes-PEG adducts, characterized in that the 
proteolytic enzyme which is reacted with PEG is linked 
to a macromolecularized inhibitor thereof. 
2. A method according to claim 1, characterized in 
that the proteolytic enzyme is trypsin. 

3- A method according, to claim 1, characterized in 
that the proteolytic enzyme is urokinase. 
4. A method according to claim 1, characterized in 
that the proteolytic enzyme is selected from tissue 
plasminogen activator (tPA), plasmin, chymotrypsin , 
elastase, kallikrein. 
15 5. a method according to claim 1, characterized in 
that the proteolytic enzyme inhibitor is benzamidine . 
6- A method according to claim 1, characterized in 
that the proteolytic enzyme inhibitor is 
macromolecularized by grafting, to a highly hydrated 
insoluble polysaccharide. 

7. A method according to claim 6, characterized in 
that highly hydrated insoluble polysaccharide is 
Sepharose. 

8- A method according to claim 1, characterized in 
that the heterogeneous phase consists of an aqueous 
suspension buffered with borate buffer "to pH around 8. 

9- A method according to the above claims, 
characterized in that a molar excess is used of PEG 
that is linked by means of a carbamic bond to the alfa- 
amino group of nor-leucine that is activated at the 
carboxy group as the succinimidyl ester. 
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10. Proteolytic enzyme ' - PEG „. 

adducts having 
proteolytic activity toward macromolecular substrates 

11. Addicts according to claim 10, which can be 
obtained according to the method disclosed in claims 

12. The use of the adducts according to claims 10-11 
as biocatalysts. 
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